ABSTRACT Nationwide differences in US life expectancy trends for blacks and whites may mask considerable differences by state that are relevant to policies aimed at reducing health inequalities. We calculated annual state-specific life expectancies for blacks and whites from 1990 to 2009 using age-specific mortality counts and census-based denominators. Nationally, the black-white difference in life expectancy at birth shrank during the period by 2.7 years for males (from 8.1 to 5.4 years) and by 1.7 years for females (from 5.5 to 3.8 years). We found considerable variation across states in both the magnitude of the life expectancy gap (approximately fifteen years) and the change during the past two decades (about six years). Decomposition analysis showed that New York made the most profound contribution to reducing the gap, but less favorable trends in a number of states, notably California and Texas, kept the gap from shrinking further. Large state variations in the pace of change in the racial gap in life expectancy suggest that state-specific determinants merit further investigation. L ife expectancy continues to rise in the United States for all major population groups.
L
ife expectancy continues to rise in the United States for all major population groups. 1 However, the aggregate data obscure important variations at the subnational level. [2] [3] [4] [5] Racial and ethnic inequalities in life expectancy, especially those between blacks and whites, remain a vital issue for policy makers. This is not only because inequalities reflect the cumulative effects of disadvantage in disease risk factors and medical interventions across the life course, 6, 7 but also because there is near-universal agreement that such inequalities are preventable. 8 The national black-white gap in life expectancy at birth continues to narrow over time. 9, 10 Nonetheless, the gap's persistence represents inadequate progress toward social justice in health. 11 African American populations are highly concentrated across states. The 2010 census revealed that in twenty-one of the fifty states the black population is at least 10 percent of the total. Mississippi has the largest proportion of blacks (37 percent) , and Connecticut has the smallest (10 percent). 12 The census also reported that in eighteen states the black population is greater than 1 million. Of these, New York has the largest population of blacks (3.1 million), and Tennessee has the smallest (1.1 million).
The national life expectancy gap between blacks and whites at any given time is a function of the individual state-specific gaps and the racial distribution across states. Similarly, changes in the overall national life expectancy gap result from the combined effect of each of the statespecific changes in the gap and changes in the racial distribution across states. As a result, the national black-white gap could be shrinking because of stronger growth in life expectancy among blacks in each state or because of migration to states with smaller black-white life expectancy inequalities.
policy is set at the state level, and there is wide variation across states in health systems and forms of economic intervention. Thus, understanding state-specific trajectories is an essential step toward explaining the patterns seen in the aggregate trends.
The estimation of state-specific inequality in black-white life expectancy is hampered by the number of states with very small black populations and, thus, very small numbers of agespecific black deaths. This problem necessitates some kind of smoothing procedure in order to obtain reasonable estimates in cases where the data are sparse. 15 Narzleen Bharmal and coauthors evaluated state-specific racial differences in life expectancy by pooling several years of data (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) ), but they excluded eleven states that had too few events for stable models. 5 Such pooling could mask important trends. For example, between the late 1990s and late 2000s the United States experienced rising rates of deaths from unintentional drug poisoning-trends that affected whites to a greater extent than blacks. 16 If these trends also differed by state-and there is strong evidence of state variation in drug poisoning mortality 16 -pooling mortality data could hide important state variations in the black-white life expectancy gap.
In this article we used data from a broader range of years (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) to estimate annual state-specific inequalities in life expectancy at birth between blacks and whites for all fifty states and the District of Columbia.We estimated these trajectories separately for males and females because previous work has indicated that the causes of changes in the black-white gap differ for males and females. 9, 10, 17 Our estimates allow an understanding of temporal changes, an assessment of how the racial gap has evolved over time from state to state, and an assessment of which states have contributed most to changes in the racial gap during this twenty-year period.
We used Bayesian smoothing methods that stabilized rates and allowed the calculation of 95 percent credible interval estimates (a credible interval is the Bayesian analogue to a traditional confidence interval) for categories with small black populations. This allowed us to make the first comprehensive depiction of changing statelevel racial inequalities in life expectancy over an extended period of time, with important implications for national trends.
Study Data And Methods
Data The data source for this study was the National Vital Statistics System. The system, which is maintained by the National Center for Health Statistics (NCHS), collects information on all deaths occurring in the United States each year. For the fifty states and the District of Columbia, we calculated state-specific all-cause mortality rates for infants, children ages 1-4, and the remaining five-year age categories (up to ages 85 and older) from 1990 to 2009 for black and white males and females. We extracted the data using software from the National Cancer Institute's Surveillance, Epidemiology, and End Results Program, 18 for which the NCHS provides the underlying mortality data and population estimates. 19 We did not restrict our analysis to nonHispanics because data on mortality by ethnicity are not considered to be reliable for all states during this period. 20 However, we conducted a sensitivity analysis for states reported to have reliable mortality data by ethnicity. 21 Five states (Idaho, Montana, North Dakota, South Dakota, and Vermont) with very small black populations were excluded from the analysis (approximately 0.1 percent of the total US black population). 12 Results are therefore shown for the remaining forty-six states (including the District of Columbia), which we refer to as the "national" sample.
We used data for nineteen age categories, 22 forty-six state entities, two races, two sexes, and twenty years. Thus, there were 69,920 crude mortality rates that could be calculated from the data. However, given the small black populations in many states, these crude estimates suffer from a lack of precision. We used a Bayesian extension of standard life-table methods to estimate life expectancy at birth in each state and year for four race-sex groups: black females, white females, black males, and white males. Statistical Methods To calculate life expectancies, we obtained denominator counts from the Census Bureau. 23 We modeled the number of deaths in each state-age-sex-race category in each year using Poisson regression, with the size of each group as an offset term in the regression.
The NCHS reports zero counts for deaths when, for a given group (for example, black males ages [15] [16] [17] [18] [19] in Wyoming in 2001), no deaths have been reported. However, for reasons of confidentiality, the NCHS suppresses the number of deaths if the count is 1-9. 24 For these categories (12.9 percent of all 69,920 state-agesex-race observations), we imputed the unobserved count using a truncated Poisson regression to accommodate the fact that the true number of deaths was censored (for the complete specification of the model, see the online Appendix). 25 Furthermore, because mortality rates were less stable in categories that had a small number of deaths (for example, in places with relatively small populations or where death rates were very low), we opted to smooth all state-age-sex-race death rates across years using a conditional autoregressive prior specification. This specification allowed the death rates for each state-agesex-race group to be smoothed toward the rate in adjacent years. For example, the death rate for black men ages 35-39 in New Hampshire in 2003 was smoothed using data for those in 2002 and 2004 to provide a more stable estimate.
We then used Markov chain Monte Carlo methods to obtain state-specific annual mortality rates for each race by sex and age. We converted the mortality rates from this model to risks and then used standard demographic methods to calculate life expectancy at birth. 26 Specifically, we used 10,000 samples from the posterior distribution of each category-specific rate to compute life expectancies. We used the mean of these 10,000 samples as the point estimate for life expectancy for blacks and whites in each state, and we used the 2.5th and 97.5th percentiles of the distribution to estimate precision.
To assess regional variation, we combined the estimates for the change in the gap in each state using an inverse-variance weighted fixed effects meta-analysis. We tested for heterogeneity within and across census divisions using Cochran's Q statistic. 27 Limitations Several limitations to our study are worth noting. We did not restrict our sample to non-Hispanics because of data reliability concerns. Thus, our results might not necessarily be applicable to non-Hispanic populations. However, our sensitivity analysis for states considered to have reliable reporting of ethnicity on death certificates was consistent with the estimates for Hispanics and non-Hispanics combined. If anything, we may have underestimated the magnitude of the decline in the life expectancy gap between non-Hispanic blacks and nonHispanic whites because increasing numbers of Hispanics have contributed to greater life expectancy improvement among whites than among blacks.
To stabilize mortality rates, we implemented Bayesian models that borrowed information on mortality rates for each state-age-sex-race category from adjacent years. As a result, estimated changes over time could be less pronounced and thus more conservative. However, there is evidence that the use of Bayesian methods for life expectancy estimation in smaller samples leads to improvements over more traditional life-table methods. 28 
Study Results
Point estimates and 95 percent credible intervals (CIs) for black and white life expectancy at birth and the black-white life expectancy gap for each state in 1990 and 2009 are given in Appendix Exhibits 1 and 2. 25 The trend in the black-white gap and its CI for each state are shown in Appendix Exhibits 3 and 4 25 for males and females, respectively. 29 During the twenty-year study period, the national life expectancy gap (weighting each state by its total black and white population) between blacks and whites shrank by 2. 25 For females, the District of Columbia and New Hampshire also had the largest (10.4 years; 95% CI: 9.5, 11.2) and smallest (1.2 years; 95% CI: −3.9, 6.2) gaps, respectively, in 1990.
In 2009, despite overall improvement at the national level, the enormous racial gap in the District of Columbia remained almost completely unchanged for both males (+0.4 years; 95% CI: −1.1, 1.8) and females (+0.2 years; 95% CI: −1.1, 1.6). Life expectancy there remained dramatically more unequal than in every other state.
The largest decrease in the gap for males occurred in New York (−5.6 years; 95% CI: −6.0, −5.1), largely because of a dramatic increase in black life expectancy, from 63.9 years to 75.4 years. This was a gain of 11.5 years; the national average gain was 6.5 years. For females, the biggest improvement in the gap was observed in Wyoming (−4.1 years), but it was estimated with substantial imprecision (95% CI: −11.8, 1.3). Stronger and more reliably estimated
The surveillance of average life expectancy trends and social inequalities is a prime public health objective.
gains among females were seen in New Jersey, New York, Oregon, and Rhode Island.
Exhibits 1 and 2 show estimates of trends in the black-white life expectancy gap in each of the nine census divisions for males and females, respectively (for a map of the divisions, see Appendix Exhibit 5).
25 These trends illustrate the considerable variation in both levels and trends in the gap (the state-specific trends for both sexes are shown in Appendix Exhibits 6 and 7, 25 respectively). The Middle Atlantic and New England areas showed stronger declines in the black-white life expectancy gap for males during the mid-to late 1990s, compared to other areas. The pace of decline in the gap for females was more similar across areas, except the Pacific division, where the trend was essentially flat.
Exhibit 3 shows point estimates and measures of precision for the change in the black-white gap in each census division, along with heterogeneity statistics (the complete forest plots and additional statistical information are given in Appendix Exhibits 8, 8A, and 9). 25 
. For females we also found considerable heterogeneity within most census divisions.
Among the states with large black populations, New York was notable for its particularly dramatic decline in the gap for both sexes. This is in stark contrast to California, which began the period with roughly the same magnitude of inequality as New York but which maintained a roughly constant gap, decreasing by only about a year for males and not at all for females. However, this was not because California showed little improvement in life expectancy. Blacks and whites showed similar above-average increases in life expectancy in California (about 3.5 years for females and 5.0 years for males; see Appendix Exhibits 10 and 11). 25 This reinforces the fact that the changes in the black-white life expectancy gap may arise from various combinations of changes in the component rates. Other relatively large states with poorer improvements in the black-white gap for males included Ohio and Wisconsin.
The pattern for females was somewhat different, but here again New York was the bestperforming large state. California registered virtually no change in the life expectancy gap among females during the study period. One state, Wisconsin, had a significantly larger gap for females in 2009 than it did in 1990 (an increase of 1.57 years; 95% CI: 0.64, 2.47).
A simple decomposition analysis of the change in the national gap (described in detail in the Appendix) 25 found that for males and females, respectively, 96 percent (2.6 years) and 98 percent (1.6 years) of the decrease in the black-white life expectancy gap was attributable to differen-
Exhibit 1

Trends In The Black-White Life Expectancy Gap For Males, By Census Region, 1990-2009
SOURCE Authors' analysis of data from the National Vital Statistics System and the Census Bureau. NOTE Regional estimates were calculated as weighted averages, with each state weighted by the inverse of the variance of its black-white life expectancy gap in each year.
Exhibit 2
Trends In The Black-White Life Expectancy Gap For Females, By Census Region, 1990-2009
tial changes in life expectancy instead of differential migration. This suggests that migration played almost no role in decreasing the national black-white life expectancy gap.
Because faster mortality declines among blacks were the chief reason for the decline in the national life expectancy gap, we present below only the results of our state-specific decomposition for counterfactual mortality changes. Appendix Exhibits 12 and 13 25 show, for males and females, respectively, the contribution of each state to the change in the national blackwhite gap from 1990 to 2009.
States are rank-ordered on the vertical axis by their observed twenty-year change in black life expectancy. When we weighted states by their total black and white populations, the observed national change in the black-white life expectancy gap was −2.7 years for males and −1.6 years for females, and the plotted point for each state along the horizontal axis is the counterfactual national change in the gap that would have been observed had blacks and whites in that state experienced the national average trends in life expectancy growth.
New York was a clear outlier for both males and females. For example, Appendix Exhibit 12 25 shows a value of −2.5 for New York, indicating that if it had experienced the national average life expectancy growth for whites (0.25 percent per year) and blacks (0.48 percent per year) instead of its actual growth rates (0.40 percent and 0.83 percent, respectively), the national blackwhite gap for males would have declined by only 2.5 years instead of 2.7 years. In contrast, the observed life expectancy growth rates for white and black males in California were 0.35 percent and 0.46 percent, respectively. The faster-than-average white life expectancy growth coupled with just average black life expectancy growth is why California kept the national black-white gap from declining even further than it did.
The extreme contributions of New York and California are readily evident for both sexes. To a lesser extent than New York, Florida, Illinois, and New Jersey also played important roles in reducing the black-white gap. In contrast, Alabama, Louisiana, and Mississippi kept the national black-white gap from falling by more than it would have otherwise.
A sensitivity analysis of state trends in the SOURCE Authors' analysis of data from the US National Vital Statistics System and the US Census Bureau. NOTES Summary estimates were calculated using inverse-variance weighted fixed effects meta-analysis. States with more precise estimates were given greater weight. CI is confidence interval. Note that in the text, "CI" refers to "credible interval." a Within each division attributable to heterogeneity across states (I 2 ).
black-white gap restricted to non-Hispanics largely confirmed the results for Hispanics and non-Hispanics combined (for estimates for  states considered to have reliable reporting in  1990 and 2009, see Appendix Exhibits 14 and  15) . 25 Restricting the sample to non-Hispanics led to a slightly larger reduction in the overall gap (2.9 years for males compared to 2.7 years for all ethnicities, and 1.8 versus 1.7 years for females; Appendix Exhibits 13 and 14, compared to Appendix Exhibits 1 and 2).
25 This is primarily a result of smaller improvements in life expectancy for whites when Hispanics were excluded.
Discussion
Racial differences in life expectancy can be difficult to interpret because the same inequality may arise from a multitude of black and white life expectancies. The study of changes in inequalities over time is even more challenging, since the gap can increase when both groups experience rising life expectancy, and it can decrease even if both groups experience falling life expectancy. For example, both black and white males in the District of Columbia gained nearly ten years of life expectancy from 1990 to 2009, yet the life expectancy gap there remained constant at nearly fifteen years and easily remains the largest among the states.
Nonetheless, the surveillance of average life expectancy trends and social inequalities is a prime public health objective 30 and is necessary for the assessment of progress toward health equality. Our analysis provides a high-resolution picture of the evolution of black-white racial mortality inequalities during the past two decades. This is the first article to detail these values by state and year, with formal assessments of imprecision. Our results depict considerable heterogeneity across states in their trajectories of improvement and raise many important questions about the origins of these patterns in state policies, migration patterns, and the geographic patterns of important risk factors. [31] [32] [33] For instance, New York City has experienced substantial improvements in homicide 34 and HIV/AIDS mortality during the past two decades. 35 These trends have disproportionately benefited blacks in absolute terms and may go some way toward explaining the much larger change in black life expectancy in New York. Samuel Preston and Irma Elo attribute these improvements largely to local policies, particularly to the aggressive identification of and treatment for people with HIV/AIDS. 36 They also provide evidence that reductions in drug-and alcoholrelated deaths contributed substantially to New York City's large rise in life expectancy during the past two decades.
The pattern in New York is in stark contrast to that in California, which experienced notably strong declines in tobacco use during past decades 37 and has outpaced the nation in declines in heart disease and smoking-attributable mortality. 38, 39 These gains may have differentially benefited whites relative to blacks when compared to progress in other states. Detailed trends on cause-specific mortality will help shed light on this question.
There was no area in which males or females experienced a decrease in life expectancy. However, improvements were sufficiently uneven that the black-white gap worsened in some places (notably among females in Wisconsin), even as mortality rates were falling. The explanations for these divergent patterns rest on a myriad of social, economic, and demographic shifts, in addition to policy differences and the legacy of historical inequalities that have not been quickly resolved. For example, the District of Columbia continues to have the largest magnitude of racial difference in life expectancy of any area, despite the fact that the District's population experienced a profound demographic shift during the study period-from being nearly 70 percent black in 1990 to being only about 50 percent black in 2009.
The diversity of state-specific trajectories in the black-white life expectancy gap suggests important avenues for investigating potential causes of and solutions to racial inequalities in health. Considerable previous work has focused on the lifetime exposure of blacks and whites to substantially different economic and environmental conditions, largely structured through residential segregation. 40, 41 These factors should be investigated at the state level, but national socioeconomic trends do not correlate well with the continued declines in the black-white life expectancy gap.
For example, trends in the black-white income and wealth gaps during the study period were generally unfavorable-particularly for black males, who experienced the strongest life expectancy gains-and there is little evidence of black progress in homeownership or full employment. 42, 43 It is also difficult to reconcile patterns in residential segregation with our results. There were larger decreases in segregation in the Mountain and Pacific regions, where we found smaller (though less precise) decreases in the blackwhite life expectancy gap. However, there has been some black-white convergence in educational attainment. Recent estimates of widening life expectancy differences by education 44 suggest that state differences in black-white educa-tion inequalities could play some role in explaining divergent state trends.
Race-specific state trends in environmental risk factors for major causes of mortality are likely avenues for further investigation, but few studies have assessed state trends by race. A recent study 45 on state trends from 2001 to 2010 in preventable cardiovascular mortality found that all states showed declines. However, progress was slowest across Appalachia and in much of the East and West South Central regions. These areas were where we found slower progress in reducing the black-white gap. They were also among the areas that performed worst in increasing life expectancy for both blacks and whites. This may suggest that inadequate progress in reducing cardiovascular risk factors and access to treatment are negatively affecting both races.
The strengths of our study include the use of complete population data, which eliminated the need for sampling, and the use of statistical smoothing to increase stability and allow for a greater number of estimates than have been reported previously.We also accounted statistically for the censored values of small counts and reported uncertainty intervals for the change in life expectancy gaps over time.
Future work should probe deeper into these patterns by examining the age-specific mortality rates and primary causes of death. The end of the period of high HIV/AIDS mortality occurred during our study period. In addition, homicide rates have declined substantially in many areas. Both of these changes are known to make important contributions to the narrowing of the racial gap. 10 State-level policies regarding policing, sentencing, and laws related to illicit drugs have also changed importantly during our observation period. This has led to dramatic shifts in incarceration rates, which may also have important impacts on mortality-rate inequalities. 46 A detailed examination of these patterns by state and time has not yet been conducted, but it should be an obvious next step. This must naturally involve the intense scrutiny of states that have remarkable patterns of change, such as California, the District of Columbia, New York, and Wisconsin.
The heterogeneous gains across southern states should also be a target of further inquiry. These areas include large numbers of blacks and whites, make important contributions to the national statistics, and have unique stories to tell. ▪ 
NOTES
Future work should probe deeper into these patterns by examining the agespecific mortality rates and primary causes of death.
